
 
  

T 
UNG-SOL,  in  a  joint  development  with 
Motorola, took on two problems to improve 
car  radios.  The  low-power  stages  had  to 

accommodate the new battery voltage, and a new 
tube  was  needed  to  generate  enough  power  (40 
milliwatts or so) to drive an output transistor. 
 
The result was remarkable: no more power supply 
requiring a vibrator, transformer, rectifier, and filter. 
No more vibrator hum or RF hash. The mass of the 
transformer was gone, so printed-circuit construction 
was straightforward. The output transistor needed a 
heat  sink,  but  the  overall  cost  saving  was 
considerable. 
 
Two outside factors helped out: the standardization 
of 12 volt electrical systems in cars, and of tube-
friendly negative ground, across the U. S. industry, 
by 1958. Previously, the grounded side and voltage 
had varied.  Note these examples: 
 

Auburn,  1932-36;  Cadillac,  1932-42;  and 
Studebaker, 1932-54, grounded +6. 

Buick, 1932-52; Kaiser, 1946-53; and Packard, 
1932-53, grounded -6. 
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Nash,  1954-55  and  Metropolitan,  1954-57, 
grounded +12. 

Buick, 1953-57, Hudson, 1956-57, and Lincoln, 
1956-57, grounded -12. 

 
The new types kept the tube makers in business, 
delaying the onset of full-solid-state radios for a 
few  years.  (Other  tube  innovations  like  GE’s 
Compactron and RCA’s novar had the same effect 
on TV-receiver production.) 
 
Tung-Sol took out an enthusiastic three-page color 
ad in Electronics for May, 1956. It plugged four 
tubes (12AC6, 12AD6, 12AE6, and 12K5) and the 
TS-176 “Golden Heart” transistor. They got written 
up in the June issue. Battery drain was said to be cut 
almost in half. 
 
The tube makers, trying to capture market share, 
cranked  out  41  types  between  1955 and  1959. 
Registrations  of  new  types  with  RETMA,  the 
predecessor of the Electronic Industries Association 
(EIA) varied. Tung-Sol originated 15. Next in line 
was Sylvania, at nine. GE did seven. Raytheon 

(Continued on page 3) 

 
THE “HYBRID” CAR RADIO 

BY LUDWELL SIBLEY 
Cruising the Miracle Mile  for burgers in Dad’s ‘59 Chevy Impala . . .the radio playing the new art form, rock n’ 
roll . . . a standard image of 1950s teen hedonism.  But a new technology brought Elvis and Fats Domino out of 

the air: 12-volt tubes and a transistor.  
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came next, with five. Philco (Lansdale) and RCA 
produced two. (RCA Victor was out of the car-radio 
business at the time.) CBS came in with only one. 
 
Westinghouse offered the industry’s largest line of 
replacement tubes, but appears to have bought-in its 
“hybrid” types. 
 
THE LOW-POWER ENVIRONMENT 
 
The RF amplifiers, converters, and IF stages were 
taken on by modifying the existing line. Tubes could 
get new grids with different winding pitch and/or 
outside diameter. Since the heaters were wired in 
parallel, the needed emission could be obtained by 
choosing types with heater current ranging from the 
usual 150 mA to as high as 550 mA. 
 
These are often referred to as “space charge” types. 
They’re not - they run in normal fashion. The matter 
of space charge, or the suppression of it, relates to the 
audio drivers covered below. 
 
From viewing Sams Photofact schematics for 1957-
59, the most popular converter tube was Tung-Sol’s 
12AD6, a sharp-cutoff type for sets with automatic 
volume control in the RF stage. RCA’s production of 
it was the familiar 12BE6 but with three new grids 
and  different  cathode  material.  When  demand 
eventually waned, RCA bought it in. 
 
The most common RF-IF pentode was the 12BL6, 
also devised by Tung-Sol in 1956; RCA made it and 
the  12AC6,  as  12BA6s  with  all  grids  new.  The 
market was flooded by 13 other types for the same 
function.  Some (the 12CX6, 12CY6, and 12EZ6) 
were “super-remote-cutoff” types able to handle the 
large input voltage that occurs when driving past a 
transmitter. 
 
RCA sold 12EK6s to the renewal market branded 
“12EK6 / 12 DZ6 / 12EA6.” 
 
The  best-selling  duodiode-triode  was  the  12AE6, 
another Tung-Sol innovation. RCA’s production of 
this type was the commonplace 12BF6, simply tested 
to meet new test limits. There were five others. 
 
Mobile sets need strong AVC, forced by fades while 
driving through a steel bridge or nighttime skywave 
reception. One approach was Tung-Sol’s 12EG6 five-
grid RF amplifier, in which the AVC voltage went to 

(Continued from page 1) Grids 1 and 3, giving stiffer control over the plate 
current and gain. The other was another scheme 
devised by Tung-Sol, with the usual AVC feedback 
going to the RF-IF stages,  in  addition to feed-
forward control voltage to a 12F8 as the first audio 
amplifier. 
 
Plate-voltage limits were low, about evenly split 
between  16  and  30  volts.  This  was  an 
embarrassment in terms of tube testers. The only 
known response was a proposal in Sylvania News 
to add a voltage divider to its 137-140 line of 
testers. 
 
THE AUDIO DRIVER 
 
Tung-Sol devised the 12K5 late in 1955. This was 
the first anti-space-charge type in the U. S. market 
since the Nutron Solodyne appeared in 1924. The 
mission was to extract the cloud of electrons that 
surround the cathode which repel other electrons 
from being emitted. This is done by having an inner 
grid with positive potential, attracting members of 
the cloud. The grid could draw 75 mA from the 12-
volt supply. The cathode was scaled-up, its heater 
drawing 400 mA. The 12K5 thus became a highly 
conductive triode that could deliver 45 milliwatts, 
transformer-coupled to the output transistor. The 
latter  was  usually  a  PNP type  like  Motorola’s 
2N176, “wired upside down” with +12 volts on the 
emitter. 
 
The 12K5 had more complex cousins: the 12DL8, 
12DS7, and 12DV8, with detector diodes added. All 
these could pass enough current to pull up the stop-
the-scan  relay in  signal-seeking tuners  like  the 
Chevrolet “Wonderbar.” 
 
Audio driver stages didn’t have  to be the anti-

(Continued on page 4) 
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space-charge type. The 12DK7, 12DU7, 12DY8, 
12EM6, and 12J8 were later designs, being multi-
section  types  including  a  conventional  tetrode 
capable of the needed milliwatts output. They had 
large high-current cathodes. At only 12 volts of B+, 
secondary  emission  from  the  plate  was  not  a 
problem, so a suppressor grid was not needed. 

OTHER CONSIDERATIONS 
 
These tubes provided an extra feature: they often 
operated  with  only  “contact”  bias  generated 
internally.  So  the  cathodes  could  be  grounded 
directly, saving bias resistors and bypass capacitors. 
Screen grids could be wired straight to the 12-volt 
line. 
 
Heaters  tolerated  the  wide  voltage  swings  of 
automobile systems, usually 10.0 to 15.9 volts. This 
was probably to live with generator regulators of the 
classic vibrating-contact type still in use. 
 
A look at the 15 sets covered in Sams’ Auto Radio 
Manual 9 (1958-59) shows that circuit design was in 
flux, not the all-similar designs found in regular car 
radios. By then, the 12K5 was not the only audio 
driver—there were 12J8s, 12DV8s, and 12DL8s. 
The transistors could be push-pull pairs. One set 
(Automatic CTR-77A) used a transistor wired, in an 
unusual way, as an emitter follower. Three sets had 
separate chasses for the output stages. Four had a 
thermistor regulating the bias on the transistor—
these were temperature-sensitive germanium devices 
that had to work in winter in North Dakota and 
summer in Arizona. Fourteen had a rheostat to set 
the bias on the transistor (the technician was advised 
to  let  the  set  warm up  for  15  minutes  before 

(Continued from page 3) adjusting the current). The speaker was fed through a 
conventional transformer or an autotransformer. 
 
All  the  sets  examined  used  the  intermediate 
frequency traditional in auto radios, 262.5 kHz.  It 
traded treble quality for selectivity. 
 
Figure 2 shows the output circuit for the Motorola 
CPA8X and 8MX. It is quite similar to a design 
shown in the June 1956 issue of Electronics. In these 
models the 12K5 drew only about 26 mA through its 
space-charge grid. The capacitor C22 shown at the 
right of the transistor was the traditional “spark plate” 
used to keep ignition noise picked up by the speaker 
leads from getting into the audio. 
 
Hybrid tubes had no known influence on military 
electronics.  Other  low-voltage  types  had  already 
removed the need to use dynamotors, with their high 
weight  and  low  reliability.  With  28-volt  battery 
supplies,  a  line  of  tubes  had  already  become 
important: those that used it for heaters and plate 
voltage. The R-101.ARN-6 radio compass receiver, 
the R-388/URR ground radio, and the R-89/ARN-5A 
glide-slope receiver ran this way. Sylvania produced 
a line of subminiature 28-volt types for uses like 
guidance of an air-to-air missile. 
 
They  also  had  no  known  use  in  mobile 
communictions  gear.  Transceivers,  for  two-way 
amateur use, CB rigs, or commercial applications, 
had to have a high-voltage supply for the transmitter 
side. Hybrid types would’ve fit nicely into a mobile 
band-converter like the Gonset G3-30. Gonset did, 
however, offer its 3239 FM mobile converter, playing 
FM signals into an AM radio, in the 1958-59 frame. 
 
Hybrid designs got some competition from another 
modernization: normal high-voltage tubes run from a 
vibrator-less transistor converter, but with an output 
transistor. The Motorola 406 and Chevrolet 3725156 
were built this way. 
 
These radios had one exposure: if the set was still on 
and  a  new battery was  connected  backward,  the 
transistor was endangered. 
 
About  10% of  new radio  designs  in  1956  were 
hybrids, peaking at about 90% in 1959. Solid-state 
radios appeared on the horizon, like the Motorola 
GV-800 of 1959. “The party was over” for hybrids 
about  1964.  Transistors,  especially  silicon  types, 
seized the field. 

(Continued on page 5) 

Figure 1. The 12K5 and two versions of 2N176. 
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Hybrid  types  took  on  another 
role: in a Knight trainer kit, the 
kind where 15 or so circuits could 
be  wired  up:  a  radio,  code-
practice  oscillator,  signal 
generator,  etc.  The student  was 
free  from  exposure  to  getting 
shocked. 
 
Modern radio  constructors  have 
taken an interest in these tubes, 
building  sets  powered  by  a 
motorcycle  battery  or  a  large 
wall-wart.  
 
A  boundless  set  of  links  and 
listings of past articles is available 
at  www.junkbox.comm,  run  by 
long-term hybrid enthusiast  Jeff 
Duntemann.  There  is  an  ample 
number of other references on the 
Web. 
 
 

(Continued from page 4) 

Figure 2. Output stages 
in Motorola CPA8X 
and 8MX 

RADIO IN TIME OF WAR - PART 2 
BY ED LYON 

Part 1 of this series looked at radio and electronics, as they both affected and were affected by the occur-
rence of a major war, up to and including World War I.  This part covers World War II. 

W 
ORLD War II saw a tremendous expan-
sion of the radio spectrum, from the 
kilometer-long waves of Naval commu-

nications systems signals sent to worldwide forces at 
sea to centimeter wavelengths of airborne radars.  
Many of the wartime inventions had their genesis in 
the inter-war period of the 1930s.  These develop-
ments required protracted time spans by entire 
sparsely-occupied laboratories, a condition of the 
Great Depression which limited the expenditure 
rates in research and development in the 1930s dec-
ade. 
 
Broadcast radio grew despite the severely depressed 
economy in that pre-war period, and the variety of 
entertainment and informational material broadcast 

to the public was staggering.  Broadcasting, proba-
bly even more than the press, was a strong force that 
helped keep the nation sane during those times, with 
its adoption of the comedy of vaudeville smoothly 
transformed to sound, alone, and distributed to eve-
ryone’s home, and without cost (provided the home 
had a working radio).  Similarly, the grandeur of the 
opera and the rich music of great orchestras, as well 
as swing bands, were brought into the home, where 
each listener’s imagination supplied the scenes to 
complement the sounds from the radio.  Sports pro-
grams flourished, with baseball taking the lead in 
broadcast time, at least in summer, closely trailed by 
football and boxing play-by-play (or blow-by-blow) 
programs.  All this continued as the war started. 
 
During that war, most sports programs maintained 
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broadcast-travelogues of north 
Africa , the middle east, and the 
southeast Asian subcontinent, to 
make more vivid the news from 
those war theaters.  His pro-
grams filled in the descriptions 
of the deserts and jungles that 
were so glibly glossed over in 
the scripted reporting by studio 
newscasters.   
 
It was CBS, however, who car-
ried the most authentic news 
broadcasts, based on their com-
mentator/analysts located di-
rectly in the zones where the 
news was made [1].  William 
Shirer broadcast directly from 
Berlin and other places in west-
ern Europe, while Ed Murrow, 
the dean of the European CBS 
staff, covered the news from 
England.  Several announcers, 

including Eric Severeid, broadcast from Paris, but it 
was Shirer who managed to be present to make the 
historic broadcast directly from Compeigne Wood 
during the French surrender proceedings in 1940.  By 
the accident of diverted attention, the Nazi guards 
failed to cut off the transmission of Shirer’s broadcast 
as his audio transmission lines passed through the 
censor’s booth enroute to the transmitter station in 
Nauen, Germany, so that his uncensored broadcast 
went directly out toward North America, and was 
heard here with good fidelity, having been plucked 
from the air and rebroadcast on the CBS network.  I 
did not hear that broadcast by Shirer on the local 
Pittsburgh CBS outlet, WJAS, due to the fact that 
then, in 1940, I was still reliant on a crystal set, 
which was consistently swamped by NBC’s KDKA 
signals.  
 
World War II was already two years along when the 
U.S. entered the fray upon being attacked by Japan at 

(Continued on page 7) 

popularity, despite the priority 
of headline news from the war 
fronts and the prime-time com-
edy, variety, and mystery 
shows.  The quality of the ac-
tual execution of the plays in 
both baseball and football suf-
fered, of course, as many of the 
best players were swept into the 
armed forces, until, by 1943 the 
quality of the actual plays in 
professional baseball, for exam-
ple, fell to the level of minor-
league Class A, or worse.  
Some of the best baseball play-
ers of the day went into the 
armed services, players like 
Bob Feller (and his team-mate, 
Joe Gordon), Hank Greenberg, 
Phil Rizutto, Joe and Dom Di-
Maggio, Johnny Mize, Peewee 
Reese, Ted Williams, and many 
others went into the various 
services, some actually at the war fronts. And it was 
during this period that the home radio audiences were 
shrinking and varying weekly with workers on rotat-
ing shifts, as employment rates surged to the breaking 
point in most all communities.  Factories often dis-
tributed radio programs through the shops via the PA 
systems, but this practice was common only in the 
more successful shops, where production, morale, 
and management quality were all very high.  By con-
trast, in poorly run factories, labor disputes were the 
rule, despite war production regulations and supervi-
sion by G-men, and in those places there were no 
personal radios allowed, and no idle chatter recalling 
sports events or “last night’s radio comedian’s jokes.”   
 
All of the pre-war programs were continued during 
the war, and new programs, featuring analyses of the 
news and descriptive tours of foreign countries in the 
bews became sprinkled throughout the evening lis-
tening periods.  Lowell Thomas, for example, a popu-
lar NBC commentator, provided vivid descriptive 

(Continued from page 5) 

FOR THE RECORD: 

 
The current COVID-19 pandemic has forced the curtailment of all non-essential meetings and assemblies of 
persons, and that includes, of course, our radio club membership.  The August meeting was limited to a phone 
and internet-based ZOOM meeting, which was quite successful, with over 50 participants. In this ZOOM 
meet, Brian Belanger presented his NBS presentation, which was excellent. The  RadioActivity meet has been 
canceled but a large ZOOM meeting is planned for October and it is advised that the maarc.org webpage be 
consulted to see the up-to-date schedule of this major convention. 

Goebbels (L) and Hitler conferring at a 
Berlin rally to exhort more sacrifices 
from the Citizens of Germany, 1942. 
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Pearl Harbor.  For the next four months, there seemed 
to be no way to stop the progress of the Japanese 
Navy in the Pacific or the Japanese Army in China 
and southeast Asia.  Just as Hitler had built-up and 
secured what was thought to be Germany’s entire 
military materiél/personnel requirements before at-
tacking Russia in June 1941, Japan’s Imperial Navy 
had done likewise, prior to their attack in December 
1941.  In sharp contrast, the U.S. was still building up 
her navy and army, and factories were still transition-
ing to military equipment and supplies, while Russia, 
always wary of German aims, had already secretly 
accumulated her main forces: air, artillery, armored, 
and infantry, east of the Urals.   Thus, neither Japan 
nor Germany could readily survive a reversal in war 
fortunes at this early stage which might irreversibly 
deplete each’s navy or army, respectively.  And, of 
course, Stalingrad and Midway served that role, in 
1942. 
 
Meanwhile, though, in early 1942, with Japan’s mili-
tary at peak strength, the Philippines were invaded 
and overrun by Japan’s army, MacArthur barely es-
caping to Australia.  The American public was dis-
heartened at the sad news from the Pacific, prompting  
Bing Crosby, then a radio and movie star in Califor-
nia, to contact the War Department, and offer to 
broadcast, via short-wave transmission, his popular 
musical-variety program directly to the Philippines, to 
help buoy up the spirits of the forces struggling there.  
It was so appreciated that out of that broadcast 
quickly evolved the Armed Forces Radio (AFR) ser-
vice, devoted entirely to morale support to U.S. 
forces, worldwide.  AFR opted for 16-inch transcrip-
tion recordings and shortwave broadcasts thereafter, 
and stayed in that service for decades,   Although the 
Philippines had fallen into Japanese hands, the Pacific 
war began a reversal in fortunes with the June 1942 
battle of Midway ( ), while Germany’s drive into Rus-
sia stalled with the winter of 1941-42, and quickly 
consumed the entire store of supplies and replacement 
equipment and men by June 1942, dooming that sum-
mer’s planned Blitzkrieg, and all thereafter.  Propa-
ganda leader P. J. Goebbels, on German radio,  
“leaped to the rescue” via radio, with wildly exagger-
ated descriptions of imaginary German advances and 
exhortations, lest the public lose faith in continuing 
the war. 
 
His broadcasts were accompanied by great increases 
in the membership in SS and Gestapo agencies and 
troops watching everybody’s every move, in stores, at 

Continued from page 6 

work, and in the streets. Goebbels had already pro-
vided over four million Volksempfänger radios for the 
public;  the use of pre-war all-band sets was prohib-
ited, in an effort to stop people listening in on foreign 
broadcasts.  In the USA the radio sets manufactured 
during the war were essentially all for the military 
forces, and entertainment radio receivers being made 
were generally restricted to military morale-upkeep 
sets, like the Zenith T-O and about ten other brands of 
morale radios. Even sophisticated radios, like E. H. 
Scott’s all-wave sets, found ready acceptance in the 
services, some almost unchanged, others militarized 
and made even more rugged than the civilian versions.  
Especially welcomed were his “non-radiating” receiv-
ers for the Merchant Marine, who believed the Ger-
man U-boats could home on the local oscillator leak-
age radiation from more commonplace superhet radio 
receivers.  Some standard amateur and hobby receiv-
ers of the pre-war period became militarized intact, 
while others took on other outside forms, but were the 
same as pre-war sets, electrically. National’s HRO 
receiver, an amateur favorite, and its clones, found 
themselves pitted against each other in the European 
theater of this war [3]. Hallicrafters had just brought 
out their SX-28 series of all-band receivers, and that 

CBS European correspondent William Shirer 
prepares his script for broadcast of the French 
surrender ceremonies at Compeigne Wood out-
side Paris in June 1940.  His engineer holds the 
microphone he will use, and makes notes. 



Radio Age  September 2020 MAARC’s web site: www.maarc.org         page 8 

 model was swept into an aircraft-borne spectrum-
surveillance receiver, the R-45/URR-7, with a new 
motor-driven tuning dial, and more modest audio 
stages, suited well to headphones in a noisy aircraft.  
Some radios, like Hallicrafters’ S-27, the touted 
“UHF” receiver, actually operated mainly in the VHF 
bands, and were swept, nearly intact,  into aircraft use 
by both Britain’s RAF and the U.S. Army Air Forces, 
to help locate and facilitate jammimg of German ra-
dar systems.  This ferret task was soon taken over by 
specialized receivers like General Radio’s remarkable 
P-540 which had tuning heads covering the spectrum 
from HF to 3000 MHz [4]. 
 
Converting the radio industry to military needs in 
electronics went easily for some manufacturers, but 
painfully for others.  A survey taken in early March 
1942, just three months after Pearl Harbor, showed 
that 30 radio companies, including Belmont, Colo-
nial, Crosley, Delco, Gilfillan, Hallicrafters, Ham-
marlund, Scott, GE,  and Zenith, had already stopped 
all civilian products manufacture and were fully oc-
cupied (and hiring) for war production work.  Eleven 
companies needed more time, because of problems in 
executing government contracts with them, mostly 
owing to unusual accounting practices.  Some of 
these included Continental, Detrola, DeWald, Galvin 
(Motorola), Philco, and RCA.  Finally some fourteen 
manufacturers were to be delayed several more 
months because they weren’t identified sufficiently 
early to get on the government contract bidders list.  
These included Emerson, Fada, General Television 
and Radio, Howard, and Trav’ler.   
 
Along with industry converting radio equipment into 
olive drab or Navy grey, radio parts and tubes be-
came scarce in the civilian sphere.   For the radio re-
pair shop, the shortages in parts became epidemic, 
and substitution started to reappear, after several 
years of relative prosperity in components.  The  
Great Depression had seen a similar wave of re-use 
of radio parts and salvaging of junk chassis, but that 
was due to customers’ funds shortages; now it was 
different.  People had money, but there were no re-
placement parts to be had, and so substitutions be-
came common remedies for radio failures.  JFD, 
General Cement, and Amphenol came out with tube 
conversion adapter-sockets, which allowed use of 
substitute tube types for many of the types in military 
demand.  The conversion of radio factories to build, 
instead of simple five-tube radios, sophisticated elec-
tronic apparatus like aircraft navigation gear and ra-
dar sets, went relatively smoothly, and some manu-

facturers, like Western Electric and Bendix were al-
ready accustomed to military-type construction of 
such equipment, and moved directly into design and 
production, while many others struggled with the en-
gineering and ruggedization, and ended up operating 
assembly plants, doing the chassis wiring and the con-
struction of subassemblies and wire harnesses, while 
leaving the design, finish work, and all-important test-
ing to experienced hands. 
 

It was interesting to see how factories like Catalin 
Corporation coped with the war transition. Their pre-
war radio cabinets were mostly all decorative gems, 
presently representing some of the most expensive sets 
in the collector market.  When the war started, and the 
proclamations came out in March 1942 to stop all ci-
vilian commodities manufacture, and go entirely to 
war production, the suppliers of all the raw materials 
simply stopped shipments to Catalin, Marblette, and 
Knoedler, three of the popular cast-phenolic manufac-
turers.  The others, like Bakelite and Monsanto, made 
up most of their own raw materials, and had many 
products other than cast phenolic plastics to fall back 
on.  In fact, these latter two had huge war orders for 
all sorts of materials and accessories needed directly 
by the military and industry; it was their sales depart-
ments that had to be re-tooled to face different cus-

Iva Taguri, better known as “Tokyo Rose,” after 
her capture at war’s end, jailed for her broad-
casts to Pacific war zones which tried to incite 
hopelessness in American fighting troops. 
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tomers.  The companies like Catalin 
slowed to a near stop in mid 1942, and 
then began to supply (to the military) plas-
tic devices of one sort or other, things like 
indicator-light jewels, handles for instru-
ments and tools, guides for materials-
handling, rollers and bearings for delicate 
instruments, dial indicators and buttons, 
and lighted signs and bulletin boards. 
Some of these things were made of Cata-
lin , but others were cast in plastics resem-
bling Plaskon or Beetle in appearance.   
 
Catalin had a very disciplined blueprint 
numbering system:  they were numbered in 
order of date of design freeze.  Some of the 
blueprints are dated explicitly in the corner title 
block, but many are not, but can be dated 
(approximately) by their number, and how it fits be-
tween other numbered designs which do carry dates.   
Plotting the blueprint numbers against date shows the 
pre-war slope being fairly steady and steep, while the 
period from 1942 to 1945 levels off, and finally 
shows a sporadic, but quite modest rise to a post-war 
surge, and then, after 1950, a fresh flattening-off.  
Catalin closed in about 1954.  Marblette  struggled, 
having bought all of Catalin’s tools, arbors, and phe-
nolic reactors at auction, and they they failed perhaps 
10 years later.  Knoedler, pre-war maker of “Catalin” 
umbrella handles, canes, and ladies’ purses, may not 
have survived the wartime interruptions in consumer 
goods’ manufacture. 
 
Some of the major breakthroughs in electronics dur-
ing the second World War included the Japanese/-
British/Russian invention of the cavity magnetron 
[5], which opened the way for radar systems that had 
resolution capabilities tending toward that of human 
vision, but immune to fog, smoke, clouds, or rain, a 
distinct advantage the Allies shared over their oppo-
nents.  While America and Britain benefited im-
mensely from exploitation of the British discovery of 
the operating capabilities of the multi-cavity-tuned 
magnetron, the true inventors, either Japanese or Rus-
sian,  did nothing with it until very late in the war, 
and that was via acquisition of American radars, ei-
ther from wrecked aircraft or from lend-lease.  Asso-
ciated with the magnetron breakthrough, and possibly 
equally important, was the American invention of the 
VT (variable timing) proximity fuze, used to trigger 
the explosion of artillery shells, bombs, rockets, and 
mines upon their gaining proximity to a target.  This 

(Continued from page 8) 

device, vitally depending on the ruggedness of sub-
miniature glass vacuum tubes to survive handling and 
the 20,000-G acceleration forces of artillery-
launching, was developed right in our own back yard 
at The Carnegie Institution and later completed at 
Johns Hopkins Applied Physics Lab.   
 
Countering the expected eventual development of 
radar and possibly proximity fuzes by enemies of our 
country and Allies, U.S. radio engineers also worked 
on countermeasures design and production, either to 
jam the enemy radar receivers so that their target ech-
oes were buried in hash or noise, or to provide false 
echoes to lead their interception forces wide of the 
real targets, our aircraft and/or ships.  The general 
director of this effort was Dr. Fred Terman, a Stan-
ford professor at the time, and his coordinating or-
ganization was the Radio Research Laboratory (RRL) 
at Harvard, supported by several corporations that 
responded to urgent military demands assigned to 
Terman for countermeasures.  In one case just before 
Christmas 1944 it was discovered that the Germans, 
pressing forward against a weak junction in the 
American-British Ardennes salient in “the Battle of 
the Bulge,” had captured a cache of proximity-fuzed 
90-mm anti-aircraft shells, which posed not only a 
strategic threat that they might reproduce them and 
nullify our air supremacy in Europe, but a tactical 
threat that they might be able to use the captured lot 
against our ground forces, immediately. 
 
The word got to Terman promptly, and he passed the 
task of devising a jammer against our own proximity 
fuze design to one of his better quick-reaction com-
panies, Airborne Instruments Lab, on Long Island.  

(Continued on page 10) 

Volksempfanger (L) and Zenith Trans-Oceanic morale radios, 
the former made compulsory for German families’ listening, the 
latter used by both civilians and troops for foreign broadcast 
reception.  Most morale radios were far less capable than T-Os. 
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There, within a few days  a jammer 
was constructed and tested aboard a 
Navy cruiser just off the Grand Banks, 
and it worked, detonating the VT-fuzed 
warhead of a 5-inch shell not a thou-
sand feet above the ship [6].  In the 
end, the Gerrmans could not take ad-
vantage of the cache of shells, since, 
by Christmas, they were running for 
their lives, from our own devastating 
use of similar VT-fuzed artillery shells.   
 
Most all of the nations at war in that 
period had been trying to develop such 
a fuze since long before the war, and 
the closest that the best designers of 
them in Germany could muster was an 
optical fuze which set off its warhead 
when it passed suddenly into a shadow, 
such as under a nearby aircraft, an ideal 
time/place to do it if that aircraft needed 
to be destroyed.  But anti-aircraft artil-
lery was notoriously extravagant when it came to 
ammunition usage, as timing was everything, and 
was the most difficult of the ballistics parameters to 
control.  Accurate placement of the warhead was 
nearly as hard to control, and  the combination was 
almost hopeless, requiring hundreds of rounds fired 
for a single hit, which might or might not prove seri-
ous insofar as damage is concerned.  The German 
optical fuze was supposed to remove the timing issue 
as long as the placement was right, but it required a 
particular placement, just in the right spot where the 
targeted airplane would cast a shadow, and to pass 
into that shadow when not over 40 feet away from 
the aircraft.  Conclusion: Not many aircraft were lost 
to those shots.  By contrast, American batteries made 
up of 90-mm anti-aircraft guns, armed with VT-fuzed 
rod warheads and aimed by a small analog computer 
(the M8), the combination fed by the MIT Radiation 
Laboratory’s SCR-584, a 2900 MHz radar, downed 
over 90% of the German V-1 “buzz-bombs” flying 
through their sector of the northeast English coast in 
1944, averaging fewer than 9 shots per kill.  
 
Communications was another task for radio and elec-
tronics to master during the war.  The largest techni-
cal challenges in this area were the development and 
mass production of quartz crystal controlled oscilla-
tors for both transmitters and receivers operating in 
the lower VHF band for the ground vehicles in the 
European theater, and the transition from shortwave 

(Continued from page 9) 

bands to VHF and UHF for air-to-air and air-to-
ground communications.  The quartz situation was 
one where the supply of raw quartz was all in Brazil, 
was mined by Brazilians, and sold to the U.S. Army 
at a production rate that was but a fraction of what 
was needed; it required huge efforts in statesmanship 
and pleading to get the mines to produce at a higher 
rate.  Offering more money per ton of raw mineral 
did not work, but instead demonstrated that the min-
ers could now, with higher pay being offered, make a 
decent living producing less, not more, quartz.  The 
problem became eased mainly by development of 
better ways of orienting, cutting, and polishing the 
quartz crystals, multiplying the yield markedly.   
Later in the war radio circuit engineers found ways of 
generating crystal-stability signals on almost any se-
lected frequency through the development of fre-
queny synthesizers, which required only one or two 
crystals per radio, rather than one or two for each 
operating frequency.  Collins Radio started this proc-
ess during the war, but capitalized on it in the ama-
teur radio and airlines communications markets after 
the war. 
 
Throughout the war, the FCC was badgered by RCA 
and a few RCA-friendly engineers about the pre-war 
allocation of the 42-50 MHz band to FM radio, which 
allocation followed very successful FCC tests of FM 
by Armstrong and his associated engineers and the 

(Continued on page 12) 

U.S. type TDR-1 drone aircraft being fitted with 500-pound 
bombs.  Powered by Continental aircraft engines, and with a 
lightweight tubular frame made by Schwinn, the television-
guided drone was flown by a pilot in an accompanying TBM 
plane to its target, this one headed for Rabaul in the Pacific. 
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I t’s a Cincinnati thing - 

Some older readers of this journal 
might remember my story of re-
pairs made to Crosley radios back 

in the 1948-50 college days (“Notes on 
Noteworthy Crosleys,” Radio Age, 
March, 2008, pp.1, ff) in which I stum-
bled on the fix for a 37-tube Crosley 

WLW Special receiver.  This set had ten 6N6G tubes 
on several chassis, all set up as push-pull audio out-
put stages.  The bass audio channel, alone, had four 
of them in push-pull parallel (P-P-P).  Well the e-
mail-operated repair bench just received another 
Cincinnati radio with that very same P-P-P output 
stage, a Model 16-37 by Midwest. (Must be the 
drinking water in that town.)  The owner/repairman 
of this set couldn’t find reasonably-priced 6N6G 
tubes, and wondered what would work in place of 
the 6N6Gs.  Recalling the Crosley job, I had given 
that some thought when the Crosley owner, Chemis-
try Professor Bill Vogt, contacted me a year or two 
after the repair job, about replacements for those 
tubes.  The research back in 1950 holds true today, a 
good substitute is the common 6V6, using the 
“same” pinout.  Only change is to lift all four pin-8 
cathode connections from chassis and insert a 150 to 
180-ohm 5-watt resistor from chassis to the junction 
of all four cathodes tied together.  Adding a bypass 
cap of 100 uF across that resistor allows the old 
6N6s to be used instead of the 6V6s, in case you 
want to sell the set with original tube types.  The 
added resistor gives the 6V6s (or the replacement 
6N6s) decent grid bias.  All the rest of the socket 
connections remain unchanged. 
 
If the substitution of 6V6 beam-power tetrode tubes 
for 6N6 dual triode tubes seems strange, be aware 
that the 6N6 is an unusual tube, and might strike 
many restorers and old-time tube-era designers as 
downright bizarre. Here we have a dual triode de-
rived from Charles Stromeyer’s 1932 “Triple-Twin” 
tube, analyzed in the July 2008 issue of Radio Age, 
and summarized as follows.  The output triode sec-
tion of the 6N6 is a power triode designed to operate 
with positive grid bias, for the sake of linearity. As a 
result, its grid draws current and would be difficult 
to drive with audio signals in the usual receiver au-
dio circuit, which generally includes a high-
impedance triode or pentode audio amplifier, neither 
of which should be allowed to feed grids that draw 

 

Tidbits 
current.  So, in the 6N6, that power triode is internally 
fed by a separate triode section connected as a cathode 
follower.  The beauty of the cathode follower is that it 
has very high input impedance, and very low, robust 
output impedance, ideal for interfacing between the 
aforementioned delicate high impedance audio stage 
and the power triode audio output section of the 6N6.   
 
Now although Stromeyer was not the inventor of the 
cathode follower (Winther, of Kenosha, WI was), he 
certainly was an early proponent of such a stage 
within his Triple Twin, and he was at least 4 years 
ahead of Blumlein and his British EMI pals who are 
generally accorded the invention, according to EMI, of 
course. 
 
To top it off, Midwest Radio must have thought the 
same way, since it might be noticed that in Rider’s 
their Model 18-38AC shows the same radio circuit, 
overall, but with four 6V6 tubes in the audio output 
stage in place of the four 6N6Gs. 

 

A nd, speaking of cathode followers and Winther, 
the inventor thereof, it is appropriate to take a 

look at the pinnacle of his invention, the W-K Oriole 
100 receiver.  Robert Lozier, long-time radio expert, 
collector, and restorer, has owned and expertly re-
stored one such set, and it recently found a new home 
at Joe Sousa’s place.  Joe, of course, has been analyz-
ing and documenting the physics, chemistry, engineer-
ing and artistry of W-K Oriole radios for about ten 
years, maintaining a running chronology of his work 
on the Radiomuseum,org website. Readers are encour-
aged to visit this site and read Joe’s analyses.  The W-
K Oriole 100 receiver, like several other Oriole mod-
els of the 1920s, employs cathode follower RF ampli-
fier stages, and in the Model 100 it has five of them 
(!!!). Instead of the customary grounded cathode tri-

Pinout diagrams for 6N6G on left and 6V6 
on right; they’re near-equivalents. 

Please continue on page 14. 
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startup of a considerable 
number of FM transmitters, 
broadcasting to the war-
frozen number of FM re-
ceivers in the country, many 
of them built by GE and 
Zenith.  RCA’s Sarnoff 
wanted the bulk of that 
band for his Television 
Channel 1, already tried in 
the period just before the 
war, and toward which 
RCA was moving, techno-
logically, through military 
contracts for the develop-
ment of TV transmitters and receivers used to guide 
drone aircraft and other weapons.  RCA built most 
of the television guidance systems used during the 
war, and they were primitive but of mixed success, 
one group of which was used in drone bombers used 
rather unsuccessfully in Europe, another far more 
successfully in damaging the Japanese fortress of 
Rabaul  in the Solomons.[ ]  At the very least, RCA’s 
wartime continuation of television development in 
weapons guidance speeded their civilian television 
progress as soon as the war ended.  They also won 
their battle against FM in the 42 MHz band, such 
that immediately after the war the FCC moved the 
FM band upward in frequency to 88-108 MHz, 
junking all of the receivers built earlier for the 42 
MHz band, and restarting the broadcasters’ early 
adoption of FM with a requirement for entirely new 
transmitter equipment.  Curiously, few seemed to be 
concerned about RCA’s basic argument that FM 
quality would be devastated by ionospheric path 
interference if FM stayed in the 42 MHz band, but 
somehow TV pictures and sound would not be so 
affected in its use as TV’s channel one.  
 
As in the first World War, WW2 also required the 
radio amateurs to stop using their transmitters, but 
they continued with regular periods of reception, 
often listening in on press wireless signals if only to 
keep up their proficiency in dodging interference 
and handling Morse code.  Some learned to recog-
nize, and with home-brewed electronics additions to 
their receivers, to decode teletype signals as well.  
To maintain sending proficiency, most used code 
practice oscillators, and some devised Morse print-
ers that spit out strips of paper with the dits and dahs 
inked on them, or with the decoded letters printed 
out.  Both ways detected keying errors and bad ca-
dence, and allowed maintenabnce of their sending 

and receiving skills.  In 1944, the ARRL Amateur’s 
Handbook even described how to make a transmitter, 
and receiver, if necessary, for placing the Morse, MCW 
(tone-modulated Morse), or voice transmissions not on 
an antenna, which would be illegal in the war, but onto 
a power line, so that colleagues on the same power line, 
perhaps miles away, could receive the signals.  So this 
carrier-current [7] method became popular in areas 
where this was feasible, but it was also surprising that 
the ARRL would foster such activities in so off-handed 
a way.  The practice is relatively dangerous, if one is 
not very careful coupling the transmitter output to the 
power line, and capturing those signals from it.  Just 
making the connections can be dangerous, to say noth-
ing of the possible need to bypass certain household 
main fuse-box connections with capacitors to ensure 
the injected signals are not simply shunted to ground at 
that point.  Recently reviewing the 1944 ARRL Ama-
teurs Handbook again, I was amazed at the casual way 
this was treated, especially for the cases where the ama-
teur setting up the system had to receive via carrier cur-
rent on the power line, as well as transmit. 
 
In the field of radio communications, most of the Allies 
used equipment designed and built in England or North 
America, while the Axis military were forced to use 
primarily German equipment (for the European theater) 
or Japanese.  German gear was usually very well made, 
with cast aluminum  basic chassis construction, offer-
ing many small compartments, integral with the chassis 
casting, and with major holes and cable passages also 
cast in place.  The advantage was ruggedness, and the 
capability to withstand rough handling, as well as free-
dom from unauthorized modification.  The disadvan-
tage was that it could not be readily modified to meet 
changing conditions, the reality of war.  For simple 
equipment like tactical armored-forces communication, 
all went well until the Allies began countermeasures 

The SCR-578 “Gibson Girl” emergency transmitter (or its clone) was used 
by every nation in WW2, either made by the U.S., Britain, or Germany. 



Radio Age  September 2020         MAARC Meetings via ZOOM     page 13 

which made the normal modes of operation ineffec-
tive, and so the German soldiers suffered from enemy 
surprises, time after time. 
 
While German gear was too thoroughly “cast in con-
crete” to be modified, the Japanese radio gear was so 
compactly made, and so intricately integrated that 
there was not space to insert or even change internal 
parts, and the necessary disassembly and reassembly 
was too likely to damage components.   On the other 
hand, German engineers freely disassembled Ameri-
can communications receivers, like the National 
HRO for example, and reassembled it around a new 
array of German metal tubes, requiring larger sockets 
and greatly revised wiring.  In this case they admired, 
rather than scoffed at the American construction 
methods, usually considered by to be cheap and im-
precise.  
 
In contrast, compared with German gear Allied 
equipment , althouigh also sometimes also built in 
castings, was changeable, especially when crack ra-
dio engineers were often near at hand.  Terman’s 
RRL, for example, ordered that all senior engineers 
had to spend three to nine weeks at the front, learning 
what the front-line soldier really needed in his elec-
tronics complement.  Those engineers returned and 
put their fresh learning (and thanks to the Almighty-
for being able to return) to work adding to, or modi-
fying, the equipment destined for that front, often 
with operating control changes enclosed as a placard 
or pamphlet.  Four such engineers stand out:  Sin-
clair, Haller, Raymond, and Brown all worked for 
RRL, and spent time at the front in North Africa in 
1942-43, refining radio/communivations and jam-
ming methods and requirements upon returning to 
RRL jobs.  After the war Haller, Raymond, and 
Brown founded HRB Singer, a formidable force in 
electronic warfare,  while Sinclair returned to his 
leadership position at General Radio.  
 
Part 3 of this series will feature the Cold War elec-
tronics revolution. 
End Notes: 
[1] See Radio Age, May, 2002 issue, p1, ff. “The Tar-
get, WJAS.” 
[2] See Radio Age, September, 2017 issue, pp. 1, ff.: 
Ed Lyon’s article on Morale Radios. 
[3] See Radio Age, September, 2013 issue, pp.1, ff. 
“HRO vs. HRO” 
[4] See Radio Age, November, 2014 issue, p. 8, 
“General Radio’s Prize-Winning Receiver, P-540,” 
[5] See AWA Review, Vol. 9, 1995, pp 181, ff, “The 

Real Story of the Magnetron,” by Ed Lyon. 
[6] See Radio Age, November, 1995 p10, , January 
1996, p. 6, March 1996, p.10, May 1996, p.7, series 
on “Anti-Radar,” by Hank Olson and Ed Lyon. 
[7] See Radio Age, May 2020 issue, pp. 1, ff.,”A 
Catechism on Carrier Current – Then and Now,” by 
Ludwell Sibley. 

This is the SCR 268 radar, the first deployed by 
the U.S. Army in WW2.  It directed searchlights, 
originally, but was modified to direct flak guns. 

The dial on this Luftwaffe enlisted-man’s morale 
radio lists all the cities of note in Europe, except, 
of course, those not in German hands at the 
time. 
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ode RF amplifier stages of most three-
dialer radios,  
Winther ganged five cathode-follower 
stages in tandem, obtaining the most sta-
ble, well-behaved, uniformly-tuned re-
ceiver of its day, and yet built so very few 
of them that this specimen might be the 
only Model 100 around.  Here are a cou-
ple rare pictures, taken by Robert, show-
ing the five ganged stages of RF amplifi-
cation (below) and a detail picture (at 
right) showing the method of primary-to-
secondary (“binocular”) coupling used in 
the RF tuned circuits.  Truly amazing cir-
cuit here, defying John Miller’s advice to 
avoid letting the plate load impedance 
become inductive, lest the amplifier be-
come regenerative and oscillate.  Winther 
answered Miller’s warning with, “How 
about an RF short circuit from plate to 
ground, John? Will that be satisfactory?”  
 
 

Tidbits continued from page 11 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 
 
For Sale: 
 Photocopies of DOD publication 
on tube tester Models I-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
I-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 
 
 

Wanted: 
Geiger Counter aficionados – I 
would like to correspond w/ 
members interested in 40’s to 50's 
vintage Geiger Counters. I’ve 
managed to repair a couple of ‘em, 
including one made by HEATH, and 
would be pleased to discuss the trials 
and tribulations encountered. Please 
e-mail, snail-mail or telephone! 
 
Stephen Imms  
6035 E. Pine Crest Ct, Cornville, AZ 
86325; 928 852 0881; Email 
steveimms@cableone.net 

 Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
 Thanks -- 
John Okolowicz, (215) 542-1597, 
john@grillecloth.com.  
 
For Sale: Manufactured vintage 
radio furniture combinations: 
breakfront, chairside, revolving 
drum table, lamp. Home furnish-
ing investments you and your  
spouse will be proud of. Gerald 
Schneider, 3101 Blueford Road, 
Kensington, MD 20985-2726, 
Phone:(301) 929-8593. 
 
SALE: 
Ampex 351-2 Stereo Recorder In 
portable Cases with many spare 
Parts,  $450. 
Hallicrafters S 76 Receiver   with 
Speaker, $125 
Harvey-Wells Bandmaster Transmit-
ter, $75 
Misc EYE tubes loose 3-
6HU6/EM87, 2-6E5, 1-6U5 NOS in 
Box 
Transmitter Tubes 1- 83 NOS, 
Boxed, 2-6146 NOS, Boxed, 2-807 
NOS Boxed, 
2- 812, 1 boxed, 1 loose, 1 2A3, 
Boxed,  3- 45, Boxed, 1-B759 Gold 
Lyon NOS, Boxed 
1-860-VT17 loose, 1-10Y loose,  2-
211 loose, Videcon 8507A  NOS 
Boxed 
1-2BP1CRT, loose. Make offers on 
tubes of interest. 
Gordon Graves ph: 410-266-5404 
Timeman595@aol.com  
 
 
 

Sale: 
I have been making solid state bal-
lasts for the past 8 months now. Built 
on a glass epoxy circuit board and 
built into a JFD ventilated metal bal-
last housing. Pilot light(s) protected 
from in-rush current with Zener Di-
odes. Have versions available for 
common 4, 5 and 6 tube circuits. See 
basic write up on my web site page: 
www.oldradioparts.com 
Click on Radio Parts then click on 
ballast tubes.  Gary Schneider 
[e-mailto:gbsptop@aol.com] 
 

For Sale:  Reproduction knobs, push 
buttons, tabs, and various rubber 
parts for  
vintage/antique radios. Many parts 
aren’t found anywhere else. (Latest 
product:  
Rubber feet for Zenith table-tops.) 
Go to www.RenovatedRadios.com to 
see the full selection of radio parts.  
 Ed Schutz  
http://www.RenovatedRadios.com  
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MAARC Your Calendar! 
MAARC meetings are held on the third Sunday of each month, unless 

specifically changed by the Board.  Watch these pages 
and MAARC.org website for any such changes. 

The latest word is RadioActivity 2020, our major radio/audio/ham meet, has 
been canceled, but monthly meetings via ZOOM (with 
either computer and/or telephone attendance) will be 
the rule until the COVID-19 pandemic has subsided. 

The September 2020 ZOOM meeting will be held on 20 September, 2020. 

The October 2020 ZOOM meeting will be held on 18 October, 2020. 

To attend these meetings, held via Zoom, follow these instructions: 

On your computer, go to www.zoom.us 

 Click on RESOURCES and download the appropriate Zoom 
client for your computer. Just before the scheduled meeting start 
time, start the Zoom client on your computer, and use this 
number as the meeting ID:  871 9732 6013 

 If you are dialing in on phone instead of computer, use any of 
these numbers: Maryland: (301)715-8592;  New York: (929)205-
6099; Chicago: (312)626-6799; TX: (346)248-7799; CA:(669)
900-6833; WA: (253)215-8782. 

 Then enter 871 9732 6013 on the phone keypad. 

Presort Standard 
US Postage Paid 
Permit  401 
Frederick, MD 

Mid-Atlantic Antique Radio Club 
c/o Geoff Shearer 
14408 Brookmere Dr. 
Centreville, VA  20120-4107  


